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1180

Generate the offset voltage between a first output of the amplifier and a second output of
the amplifier by coupling a first mput of the amplifrer and a second mput of the amplifier
to a common mode
1102

A 4

-

Receive the offset voltage at a first mput of a first ampiification stage and a second input
of the first amphification stage
1104

l

Store a potential difference determined by a first gam of the first amplitication stage and
the offset voltage in a storage element configured to be coupled and decoupled with a
first output of the first amplification stage and a second output of the first amplification
stage
1106

v

Decouple the storage element from first amphification stage and providing the potential
difference between a first mput of a a second amplification stage and a second mput of
the second amplification, the second amplification stage having a second gain
1108

¥ 1

Provide an offset cancellation current to the first output of the amplifier and the second
output of the amplifier from a first output of the second amplification stage and 4 second
output of the second amplification stage, the offset cancellation current determined by
the second gam and the potentiad difference and wherein the ofiset-cancellation current
comprises a first current at the first output of the second amplification stage and a second
current at the second output of the second amplification stage.

Higure 11
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DEVICES AND METHODS FOR OFFSET
CANCELLATION

TECHNICAL FIELD

Embodiments of the present invention relate generally to
devices and methods to cancel the offset of an amplifier.

BACKGROUND

The performance of an amplifier may be impacted by an
oflset voltage. This can create inaccuracies 1 various con-
texts including an amplifier or amplifiers for a comparator in
a Successive Approximation Register Analog to Digital
Converter. Eflorts to cancel a voltage oflset may introduce

unwanted noise. Amplifiers can benefit from oflset-cancel-
lation with limited noise.

SUMMARY

In accordance with an embodiment of the present inven-
tion, an oilset-cancellation circuit includes a first amplifi-
cation stage that includes a gain of the first amplification
stage and 1s configured to receive an oflset voltage of a first
amplifier. The oflset-cancellation circuit includes a storage
element configured to be coupled to and decoupled from the
first amplification stage and 1s configured to store a potential
difference output by the first amplification stage, the poten-
tial difference being determined by the oflset voltage of the
first amplifier and the gain of the first amplification stage.
The oflset cancellation circuit includes a second amplifica-
tion stage coupled to the storage element and configured to
receive the potential difference from the storage element
when the storage element 1s decoupled from the first ampli-
fication stage and configured to deliver an offset-cancella-
tion current, the oflset-cancellation current being determined
by the potential difference and a gain of the second ampli-
fication stage.

In accordance with an embodiment of the present inven-
tion, an offset-cancellation circuit includes an mput ampli-
fier mmcluding a first input, a second mput, a first output, and
a second output. The offset-cancellation circuit includes a
pre-storage amplifier including a first 1input and a second
input. The offset-cancellation circuit includes a post-storage
amplifier including a first input coupled with a first plate of
a first storage capacitor and including a second 1nput
coupled with a first plate of a second storage capacitor.

In a first state of the oflset-cancellation circuit the first
input of the mput amplifier and the second input of the mnput
amplifier are coupled to a common mode to produce a
voltage oflset between the first output of the mnput amplifier
and the second output of the mput amplifier; the first input
of the pre-storage amplifier 1s coupled to the first output of
the mput amplifier and the second mput of the pre-storage
amplifier 1s coupled to the second output of the input
amplifier; and the first plate of the first storage capacitor 1s
coupled with a first output of the pre-storage amplifier and
the first plate of the second storage capacitor 1s coupled with
a second output of the pre-storage amplifier. In the first state
of the offset-cancellation circuit, a first potential 1s stored on
the first storage capacitor and a second potential 1s stored on
the second storage capacitor, a diflerence between the first
potential and the second potential 1s proportional to the

voltage ofl:

set.

In a second state of the oflset-cancellation circuit the first
plate of the first storage capacitor 1s decoupled from the first
output of the pre-storage amplifier; the first plate of the
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2

second storage capacitor 1s decoupled from the second
output of the pre-storage amplifier; and a first output of the
post-storage amplifier 1s coupled with the first output of the
input amplifier and a second output of the post-storage
amplifier 1s coupled with the second output of the input
amplifier to provide a first oflset-cancellation current to the
first output of the input amplifier and a second oflset-
cancellation current to the second output of the mput ampli-
fier, the first offset-cancellation current and the second

oflset-cancellation current determined by the first potential
and by the second potential.

In accordance with an embodiment of the present mnven-
tion, a method to cancel an offset voltage of an amplifier
includes generating the offset voltage between a first output
of the amplifier and a second output of the amplifier by
coupling a first input of the amplifier and a second nput of
the amplifier to a common mode. The method includes
receiving the oflset voltage at a first input of a first ampli-
fication stage and a second input of the first amplification
stage. The method includes storing a potential difference
determined by a first gain of the first amplification stage and
the offset voltage in a storage element configured to be
coupled and decoupled with a first output of the first
amplification stage and a second output of the first ampli-
fication stage. The method includes decoupling the storage
clement from {first amplification stage and providing the
potential difference between a first input of a second ampli-
fication stage and a second input of the second amplification
stage, the second amplification stage comprising a second
gain. The method includes providing an ofiset-cancellation
current to the first output of the amplifier and the second
output of the amplifier from a first output of the second
amplification stage and a second output of the second
amplification stage, the oflset-cancellation current deter-
mined by the second gain and the potential difference and
wherein the oiffset-cancellation current comprises a first
current at the first output of the second amplification stage

and a second current at the second output of the second
amplification stage.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereof, reference 1s now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

FIG. 1 1llustrates an embodiment of a successive approxi-
mation register;

FIG. 2 illustrates an embodiment of a comparator;

FIG. 3 1llustrates an embodiment of an oflset-cancellation
circuit;

FIG. 4 1llustrates an embodiment of a comparator with an
oilset-cancellation circuit;

FIG. 5 illustrates an embodiment of an a comparator with
an oflset-cancellation circuit coupled with a capacitor net-
work;

FIG. 6 illustrates an embodiment of a comparator with an
offset-cancellation circuit 1n a first state;

FIG. 7 1llustrates an embodiment of a comparator with an
offset-cancellation circuit 1n a second state;

FIG. 8 1llustrates of a configuration of control signals that
may operate an embodiment an oflset-cancellation circuit of
a comparator ol a Successive Approximation Register Ana-
log to Digital converter;

FIG. 9 1llustrates an embodiment of an oflset-cancellation
circuit;
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FIG. 10 illustrates an embodiment of a pre-storage ampli-
fier; and

FIG. 11 1llustrates a block diagram of an embodiment of
a method to cancel an offset voltage of an amplifier.

Corresponding numerals and symbols 1n the different
figures generally refer to corresponding parts unless other-
wise indicated. The figures are drawn to clearly illustrate the
relevant aspects of the embodiments and are not necessarily
drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of embodiments of this disclosure
are discussed i detail below. It should be appreciated,
however, that the concepts disclosed herein can be embodied
in a wide variety of specific contexts, and that the specific
embodiments discussed herein are merely illustrative and do
not serve to limit the scope of the claims. Further, i1t should
be understood that various changes, substitutions and altera-
tions can be made herein without departing from the spirit
and scope of this disclosure as defined by the appended
claims.

Throughout the present disclosure, the term “‘connected
and derivations thereof 1s used to designate a direct electrical
connection between circuit elements with no intermediate
clements other than conductors, whereas the term “coupled”
and derivations thereof 1s used to designate an electrical
connection between circuit elements that may be direct, or
may be via one or more intermediate elements.

Embodiments of the present application disclose devices
and methods to cancel the oflset of an amplifier. Amplifiers
are common electrical components utilized 1n many types of
clectrical devices. Examples include the pre-amplifier stage
of a comparator for a successive approximation register.
Physical varnations among the components of an amplifier
may lead to a performance variation ol an amplifier that 1s
characterized by an mput voltage offset. Ofisets can cause
inaccuracies and other performance i1ssues for an electrical
device where an amplifier 1s utilized. Cancelling the offset
and limiting offset-cancellation noise may improve the accu-
racy and performance of a device employing an amplifier.

An example of an application of an amplifier that may

benefit from oflset cancellation 1s found 1 a Successive
Approximation Register (“SAR™) Analog to Digital Con-
verter (“ADC”). ASAR ADC operates by making a series of
successive comparisons between an analog mput and a
reference value to generate a digital value corresponding to
the analog 1nput. Each comparison of the series of compari-
sons corresponds to a bit of the corresponding bit value
beginning with the most significant bit and ending with the
least significant bit.

At a first comparison, a digital test value 1s set to “1”
while each of the remaining bits 1s assigned a “0.” An analog
conversion of the digital test value 1s compared with the
analog mput value. If the analog conversion of the digital
test value 1s less than the analog mput, the most significant
bit keeps a “1” for the next comparison; otherwise bit 1s
switched to a “0.”

A second comparison follows where the second most
significant bit of the digital test value 1s now set to “1,” and
the value for the most significant bit keeps the value 1t
received from the first comparison. This new digital test
value 1s converted to an analog signal and compared with the
analog mput. If the converted analog value 1s less than the
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4

analog 1nput, the second most significant bit stays at “1” for
the next comparison. Otherwise, the second most significant
bit switches to “0.”

A third comparison follows where the third most signifi-
cant bit of the digital test value 1s set to “1” and the values
for the first and second most significant bits are kept from
the first two comparisons. Like the preceding comparisons,
this digital test value 1s converted to an analog signal. And,
once again, the converted analog test value 1s compared with
the analog mput. If the converted test value 1s less than the
analog input, the value of the third most significant bit keeps
a “1.” If the converted value 1s greater than the analog input,
the third most significant bit 1s switched to “0.” Additional
comparisons can continue until the least significant bit 1s
reached and a value 1s set for each bit. The digital value
generated corresponds to a digital value converted from the
analog 1nput of the SAR ADC.

By way of example, a 4-bit SAR ADC will make four
successive comparisons to arrive at a digital value approxi-
mating the analog input value. At a first comparison, the
most significant bit 1s set to “1” while the remaining three
bits are set to “0.” If a reference value 1s 16V the resulting
digital value “1000” converts to an analog value of 8V. If the
analog mput 1s 13.5V, analog test value of 8V 1s less than the
analog put, 13.5V. As a result, the most significant bit fo
the next comparison keeps a “1.”

At a second comparison, the second most significant bit 1s
set to “1” and the most significant bit maintains its value
from the previous comparison. The resulting value, “1100”
converts to 12V, which 1s still less than the 13.5V mput so
the second most significant bit keeps a “1.”

At a third comparison, the third most signmificant bit 1s set
to “1” and the results from the previous comparisons are
kept. The resulting value “1110” converts to 14V. This time,
the resulting test value, 14V, 1s greater than the 13.5V input
so the third most significant bit switches to a “0.”

At a final comparison, the previous results are kept, and
the least significant bit 1s set to “0.” The resulting value
“1101” converts to 13V, which 1s less than the 13.5V mput.
The least significant bit 1s set to “1” and the final result of
the ADC 1s “1101.” The examples provided above are for
illustrative purposes only. Other embodiments of a SAR
ADC may vary in various ways. Some may have more or
less bits or different reference values. The more bits and
comparisons, the more accurate a conversion process may
be.

FIG. 1 1llustrates an embodiment of a successive approxi-
mation register (SAR) analog to digital converter (ADC).
The SAR ADC 100 in the embodiment depicted 1n FIG. 1
comprises a sample-and-hold (*S/H”) circuit 102, a com-
parator 104, a SAR Logic circuit 106, and a Digital to
Analog Converter (“DAC”) 108. In the SAR ADC 100
depicted in FIG. 1, the comparator 104 receives a value, V
at a first input 104A and compares it a second value received
at a second mmput 104B. As described in more detail else-
where 1n various embodiments, the value received at the
second mput 104B 1s adjusted through the successive
approximation process and the results are fed back to the
SAR Logic circuit 106.

In some embodiments, the S/H circuit 102 and the SAR
Logic circuit 106 may be timed by a CLK signal. Further, 1n
some embodiments, the digital output of the SAR ADC may
be disposed at the out the output of the SAR Logic circuit
106.

In embodiments, the S/H circuit 102 of the SAR ADC 100
may be coupled to V, by switch 110 1 a first mode of
operation. This mode of operation may be referred to as a
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sample mode. During the sample mode, V., may be sampled
and stored 1n the S/H circuit 102. V can be stored 1n the S/H
circuit 102 in different ways. In some embodiments, the
sampled voltage may be stored on a capacitor or a capacitor
network. In FIG. 1, a storage element 112 1s represented by
a capacitor. In some embodiments, different architectures
may utilize different embodiments of the storage element
112.

In a second mode of operation, a conversion mode, switch
110 may be opened to hold the value of V,, 1n the storage
clement 112. This value can then be provided to a first input
104A of a comparator 104 in a conversion mode for suc-
cessive approximations to arrive at a digital value converted
from an analog input as described elsewhere 1n this disclo-
sure. In some embodiments, the switch 110 may be con-
trolled by a CLK signal.

Also during the conversion mode, the SAR Logic circuit
106 may provide a digital value to the DAC 108 that 1s
converted to an analog value based on the reference voltage

(Vzer.ps Yrepa)- In some embodiments, the analog output
of the DAC 1s provided to the second mput 104B of the
comparator 104 and used for comparison with V, . The
results of the comparison may be fed back to the SAR Logic
circuit 106 to accomplish a successive comparison process
like described elsewhere 1n this application. In the embodi-
ment depicted 1n FIG. 1, the output 124 of the comparator
104 may be fed back to the SAR Logic circuit 106.

During a first comparison, the most significant bit D_ , of
the SAR Logic circuit 106 may be set to a “1.” A resulting
digital signal, which for a 4-bit SAR ADC would be “1000”
as described elsewhere, 1s provided to the DAC 108. A value
corresponding to half a reference voltage can be stored on a
capacitor 116 corresponding to the most significant bit by
toggling a switch 118 between V.. and Vg . This
value 1s provided to the second input 104B of the comparator
104 and compared with V, . Depending on the results of the
comparison, the voltage on the capacitor 116 may be kept or
removed by toggling switch 118.

During the second comparison, D, . ; 1s set to “1” and a
value corresponding to one fourth the reference voltage can
be stored capacitor 120 by toggling switch 122 appropri-
ately. The sum of the charge on capacitor 116 and capacitor
120 1s provided to the comparator 104. Once again, the
results are fed back to SAR Logic circuit 106. And, succes-
s1ve comparisons continue for each bit of the SAR ADC 100.

It 1s noted that there are a variety of additional architec-
tures for SAR ADCs known in the art including, but not
limited to, charge-redistribution based architectures. For
example, 1n some embodiments of a SAR ADC, a single
capacitor network can serve as an S/H circuit and a capacitor
array for a DAC circuit. In some embodiments, a {irst input
104 A of a comparator 104 may be coupled with an output of
a capacitor network while a second mput 104B may be
coupled to ground. In some embodiments, a first input 104A
of a comparator 104 and a second input 104B of the
comparator 104 may be coupled to outputs of a single
capacitor network. In some embodiments, a first input 104A
of a comparator 104 may be coupled to a first capacitor
network, and a second mput 1048 of a comparator may be
coupled with a second capacitor network.

As described above, the comparator 104 of the SAR ADC
of FIG. 1 1s used to compare two analog mputs for a
successive approximation process. Improving the accuracy
and speed of a comparator 104 may improve the accuracy
and speed of many embodiments of a SAR ADC.

In some embodiments, the comparator 104 of a SAR ADC
comprises a latch comparator.
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6

FIG. 2 illustrates an embodiment of a comparator 104.

As shown 1n FIG. 2, the comparator 104 may comprise a
preamplifier 202 and a latch 204. The offset of the latch 204
of the comparator 104 may be countered by the gain of the
preamplifier 202. And, the preamplifier 202 reduces kick
back coming from the latch 204 during a conversion phase
of a SAR ADC. A preamplifier 202 may introduce unwanted
noise and oflset to the comparator 104. The latch 204 may
also be configured to recerve an enabling signal.

In some embodiments, an offset-cancellation circuit 300
may cancel the offset introduced by an amplifier while
limiting noise.

FIG. 3 depicts an embodiment of an oflset-cancellation
circuit 300 to cancel the oflset of an amplifier. In various
embodiments, the oflset-cancellation circuit 300 comprises
a first input of the oflset-cancellation circuit 301 A and a
second input of the offset-cancellation circuit 301B. The
oflset-cancellation circuit 300 may also comprise a {irst
output of the offset-cancellation circuit 305A and a second
output of the oflset-cancellation circuit 305B.

In some embodiments, an offset-cancellation circuit 300
comprises a first amplifier 302. The first amplifier 302 may
be characterized by a transconductance G, ,. In some
embodiments, the first amplifier 302 may comprise an
operational transconductance amplifier. The first amplifier
302 may comprise a first input of the first amplifier 302 A and
a second 1nput of the first amplifier 302B. The first amplifier
302 may also comprise a first output of the first amplifier
302C and a second output of the first amplifier 302D.

In some embodiments, the offset-cancellation circuit 300
further comprises a pre-storage amplifier 304. The pre-
storage amplifier 304 may comprise an operational ampli-
fier. The pre-storage amplifier 304 may have a gain A,. The
pre-storage amplifier 304 may comprise a first pre-storage
amplifier input 304A and a second pre-storage amplifier
input 304B. The pre-storage amplifier 304 may also com-
prise a first pre-storage amplifier output 304C and a second
pre-storage amplifier output 304D. In some embodiments,
the first pre-storage amplifier input 304 A 1s coupled to the
first output of the first amplifier 302C and the second
pre-storage amplifier input 304B 1s coupled to the second
output of the first amplifier 302D.

In some embodiments, the offset-cancellation circuit 300
further comprises a post-storage amplifier 306. The post-
storage amplifier 306 may comprise an operational transcon-
ductance amplifier. The post-storage amplifier 306 may have
a transconductance G, .. The post-storage amplifier 306 may
comprise a lirst post-storage amplifier mput 306A and a
second post-storage amplifier input 306B. The post-storage
amplifier 306 may also comprise a first output of the
post-storage amplifier 306C and a second output of the
post-storage amplifier 306D.

In some embodiments, the first post-storage amplifier
mput 306A 1s coupled to a first plate 310A of a first storage
capacitor 310 and the second post-storage amplifier input
306B 1s coupled to a first plate 312A of a second storage
capacitor 312. And, 1n some embodiments the first output of
the post-storage amplifier 306C 1s coupled to the first output
of the first amplifier 302C and the second output of the
post-storage amplifier 306D 1s coupled to the second output
of the first amplifier 302D.

FIG. 4 illustrates an embodiment of a comparator 104
with an oflset-cancellation circuit 300. In some embodi-
ments, the output or outputs of the oflset-cancellation circuit
300 may be coupled with a second amplifier 303. In some
embodiments, the second amplifier 303 comprises an opera-
tional amplifier.
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In some embodiments, the second amplifier 303 com-
prises a first input of the second amplifier 303A, a second
input of the second amplifier 303B, a first output of the
second amplifier 303C, and a second output of the second
amplifier 303D. A first output of the offset-cancellation
circuit 305A may be coupled to the first input of the second
amplifier 303A. A second output of the oflset-cancellation
circuit 30556 may be coupled to the second mput of the
second amplifier 303B.

In some embodiments, the first output of the second
amplifier 303C 1s coupled to a first input of a latch 204 A, and
the second output of the second amplifier 303D 1s coupled
to a second input of a latch 204B. The offset-cancellation
circuit 300 and the second amplifier 303 may operate as a
preamplifier circuit of a comparator 104.

In some embodiments, the first input of the oflset-can-
cellation circuit 301 A may also comprise the first 1mput
104 A of the comparator 104. And, the second mput of the
oflset-cancellation circuit 301B may comprise the second
input 104B of the comparator 104.

In some embodiments, the first input of the oflset-can-
cellation circuit 301 A may be coupled to an output of an S/H

circuit of a SAR ADC and a second iput of the offset-
cancellation circuit 301B may be coupled to the output of a
DAC of a SAR ADC as the first input 104 A and second 1nput
1048 of the comparator. It should be noted that the appli-
cations of the oflset-cancellation circuit are not limited to
SAR ADCs.

As described elsewhere, 1n some embodiments of a SAR
ADC a single capacitor network can serve as a S/H circuit
and a capacitor array for a DAC circuit. In some embodi-
ments, the first input of the oflset-cancellation circuit 301A
may be coupled with an output of a capacitor network while
the second 1nput of the offset-cancellation circuit 301B may
be coupled to ground. In some embodiments, the first input
of the oflset-cancellation circuit 301 A and the second 1nput
of the offset-cancellation circuit 301B may be coupled to
outputs of a single capacitor network as the first input 104A
and second mput 104B of the comparator 104 of a SAR
ADC. In some embodiments, the first input of the oflset-
cancellation circuit 301 A may be coupled to a first capacitor
network, and a second input of the offset-cancellation circuit
301B may be coupled with a second capacitor network as the
first input 104 A and second mput 1048 of the comparator
104 of a SAR ADC.

FIG. 5 illustrates an embodiment of a comparator 104
with an oflset-cancellation circuit 300 coupled with a
capacitor network 301. In some embodiments, the capacitor

network 501 comprises both the S/H circuit of a SAR ADC
and a DAC of a SAR ADC as described elsewhere. A first
output of the capacitor network 501 A may be coupled with
a first input of the offset-cancellation circuit 301 A. A second
output of the capacitor network 501B may be coupled with
a second 1nput of the offset-cancellation circuit 301B.

In some embodiments, the ofiset-cancellation circuit 300
may be configured to operate 1n a first state and a second
state. In some embodiments, in the first state, the first input
of the first amplifier 302A and the second input of the first
amplifier 302B may be coupled to a common mode. Cou-
pling the first input of the first amplifier 302A and the second
input of the first amplifier 302B to a common mode may
produce a voltage between the first output of the first
amplifier 302C and the second output of the first amplifier
302D. The voltage may be caused by factors including, but
not limited to, non-ideal variations among the components

of the first amplifier 302.
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In embodiments wherein the first amplifier 302 comprises
an operational transconductance amplifier, the current at the
first output of the first amplifier 302C and the current at the
second output of the first amplifier 302D may be determined
by the transconductance of the first amplifier 302 and the
input voltage oflset of the first amplifier 302.

While 1n the first state where the first input of the first
amplifier 302A and the second mput of the first amplifier
302B are coupled to a common mode, the voltage between
the first output of the first amplifier 302C and the second
output of the first amplifier 302D may be received by the
pre-storage amplifier 304 between the first input of the
pre-storage amplifier 304 and the second pre-storage ampli-
fier mnput 304B. This may be amplified according to the
operation of the pre-storage amplifier 304 to produce an
amplified voltage between the first pre-storage amplifier
output 304C and the second pre-storage amplifier output
304D.

During the first state, a first potential may be stored on the
first storage capacitor 310 and a second potential may be
stored on the second storage capacitor 312. The difference
between the first potential and the second potential may be
proportional to the voltage seen during the first state
between the first output of the first amplifier 302C and the
second output of the first amplifier 302D.

This allows an amplified value corresponding to the
voltage between the first output of the first amplifier 302C
and the second output of the first amplifier 302D to be stored
in the oflset-cancellation circuit 300 on the first storage
capacitor 310 and the second storage capacitor 312 after
being amplified by the gain A, of the pre-storage amplifier
304.

In some embodiments, the first input of the first amplifier
302 A may be coupled to the common mode by a first switch
314 that 1s closed 1n the first state. In some embodiments, the
second mput of the first amplifier 3028 may be coupled to
the common mode by a second switch 316 that 1s closed 1n
the first state. In alternative embodiments, the first input of
the first amplifier 302A and the second mput of the first
amplifier 302B are coupled to the common mode by a single
switch that 1s closed 1n the first state. In some such embodi-
ments, the first input of the first amplifier 302A 1s coupled
to the second mput of the first amplifier 302B by the single
switch, which 1s closed 1n the first state to couple the first
input of the first amplifier 302A and the second mput of the
first amplifier 3028 to the common mode.

In some embodiments, the first pre-storage amplifier input
304 A may be coupled to the first output of the first amplifier
302C by a first pre-storage switch 318. The first pre-storage
switch 318 may be closed 1n the first state. In some embodi-
ments, the second pre-storage amplifier input 304B may be
coupled to the second output of the first amplifier 302D by
a second pre-storage switch 320. The second pre-storage
switch 320 may be closed 1n the first state.

In some embodiments, the first pre-storage amplifier
output 304C may be coupled to the first plate 310A of the
first storage capacitor 310 by a third pre-storage switch 322.
The third pre-storage switch 322 may be closed 1n the first
state. In some embodiments, the second pre-storage ampli-
fier output 304D may be coupled to the first plate 312A of
the second storage capacitor 312 by a fourth pre-storage
switch 324. The fourth pre-storage switch 324 may be closed
in the first state.

In some embodiments, the first switch 314 receives a
control signal from a controller to toggle the first switch 314
between open and closed states. The second switch 316 may
receive a control signal from a controller to toggle the
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second switch 316 between open and closed states. In
embodiments wherein the first imnput of the first amplifier
302A and the second mnput of the first amplifier 3028 are
coupled to the common mode by a single switch, the single
switch may receive a control signal from a controller to
toggle the single switch between open and closed states.

In some embodiments, the first pre-storage switch 318
may receive a control signal from a controller to toggle the
first pre-storage switch 318 between an open state and a
closed state. The second pre-storage switch 320 may receive
a control signal from a controller to toggle the second
pre-storage switch 320 between an open state and a closed
state. In some embodiments, the third pre-storage switch 322
may recetve a control signal from a controller to toggle the
third pre-storage switch 322 between an open state and a
closed state. The fourth pre-storage switch 324 may receive
a control signal from a controller to toggle the fourth
pre-storage switch 324 between an open state and a closed
state.

In some embodiments, the ofiset-cancellation circuit 300
may comprise the controller. In some embodiments the
controller may not be part of the offset-cancellation circuait.

FIG. 6 illustrates an embodiment of a comparator 104
with an offset-cancellation circuit 300 1n a first state. In the
embodiment of the offset-cancellation circuit 300 depicted
in FIG. 6, the ofiset-cancellation circuit 300 may be part of
a comparator 104. In some embodiments of the oflset-
cancellation circuit 300 1n the first state, the first switch 314
and second switch 316 are closed thereby coupling the first
input of the first amplifier 302A and the second mput of the
first amplifier 302B to the common mode. The first pre-
storage switch 318 and the second pre-storage switch 320

may also be closed coupling the first pre-storage amplifier
input 304 A to the first output of the first amplifier 302C and
the second pre-storage amplifier input 304B to the second
output of the first amplifier 302D. Also, the third pre-storage
switch 322 and the fourth pre-storage switch 324 may be
closed coupling the first pre-storage amplifier output 304C
to the first plate 310A of the first storage capacitor 310 and
the second pre-storage amplifier output 304D to the first
plate 312A of the second storage capacitor 312.

FIG. 7 illustrates an embodiment of a comparator 104
with an offset-cancellation circuit 300 1n a second state. As
described elsewhere, 1n the second state, some components
have been electrically 1solated from the offset-cancellation
circuit 300 and have been removed from FIG. 7 to illustrate
the operation of the oflset-cancellation circuit 300 in the
second state.

In some embodiments of the oflset-cancellation circuit in
the second state, the first switch 314 and second switch 316
may be open thereby de-coupling the first mnput of the first
amplifier 302A and the second mput of the first amplifier
302B from the common mode. The first pre-storage switch
318 and the second pre-storage switch 320 may also be open
thereby decoupling the first pre-storage amplifier input 304 A
from the first output of the first amplifier 302C and decou-
pling the second pre-storage amplifier input 3048 from the
second output of the first amplifier 302D. Also, the third
pre-storage switch 322 and the fourth pre-storage switch 324
may have been opened thereby decoupling the first pre-
storage amplifier output 304C from the first plate 310A of
the first storage capacitor 310 and decoupling the second
pre-storage amplifier output 304D to the first plate 312A of
the second storage capacitor 312. In this configuration, the
pre-storage amplifier 304 may be electrically 1solated from
the offset-cancellation circuit 300.
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In the second state, the first potential stored on the first
storage capacitor 310 during thas first state 1s applied to the
first post-storage amplifier input 306 A. Likewise, the second
potential stored on the second storage capacitor 312 during
the first state 1s applied to the second post-storage amplifier
input 3068. The post-storage amplifier 306 may thus see the
difference between the first potential and the second poten-
tial at 1ts inputs. And, this diflerence may be amplified by the
transconductance of the post-storage amplifier 306, G_ ;.

The current at first output of the post-storage amplifier
306C and the second output of the post-storage amplifier
306D may be a function of the voltage between the first
output of the first amplifier 302C and the second output of
the first amplifier 302D during the first state, the gain of the
pre-storage amplifier 304, and the transconductance of the
post-storage amplifier. The current the first output of the
post-storage amplifier 306C and the second output of the
post-storage amplifier 306D may be an offset-cancellation
currents and can be provided to the first output of the first
amplifier 302C and the second output of the first amplifier
302D 1in the second state to cancel the offset of the first
amplifier 302 when the oflset-cancellation circuit 300 1s 1n
the second state.

Splitting the gain in the offset-cancellation circuit 300
seen from the pre-storage amplifier 304 and the post-storage
amplifier 306 1nto two stages allows the oflset-cancellation
circuit 300 flexibility to have a first gain during the first state
and a second gain during the second state. In some embodi-
ments, the pre-storage amplifier 304 may comprise a first
amplification state and the post storage amplifier 306 may
comprise a second amplification stage. This may be advan-
tageous because a high gain may be desirable to reduce the
input offset of the oflset-cancellation circuit 300 while a low
gain may be desirable to reduce the input referred noise of
the offset-cancellation circuit 300. Thus, the oflset-cancel-
lation circuit may realize the benefits of a higher gain for
oflset cancellation while limiting noise by 1solating the
pre-storage amplifier 304 may from the ofiset-cancellation
circuit 300 when lower mput oflset noise may be desired.

This relationship can be seen by equations describing the
iput referred oflset and the mput referred noise may of
some embodiments of the offset-cancellation circuit 300.
The 1mput referred offset of the oflset-cancellation circuit
300 may be described by Equation 1:

Input Refered Offset = (Equation 1)

Vour Vosi A1 Gma Vos
= +
GmR 1+ AlGmsR ~ Gmy  1+A,GmsR

In Equation 1, Vout 1s to the voltage at the output of the
olilset-cancellation circuit 300 between 305A and 305B. Vol
1s the mput oflset of the first amplifier 302, Vos2 is the mput
oflset of the post-storage amplifier 306, A, 1s the voltage
gain of the pre-storage amplifier 304, GG, , i1s the transcon-
ductance of the first amplifier 302, where G, ; 1s the
transconductance of the post-storage amplifier 306, and R 1s
the resistance seen at resistance block 309. The input oflset
may be approximated by Equation 2:

Vos; Vos»
_|_
Al Gﬂ’lg R Gm 1 i

(Equation 2)

[nput Referred Offset~
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The 1input offset noise of the ofiset-cancellation circuit
300 in the second state may be described by Equation 3:

. (Equation 3)
Input Referred Noise = f (— +

Equation 1 and Equation 2 make 1t clear that the input
referred oflset of the offset-cancellation circuit can be
reduced by increasing the term A, *G, ,. Also, 1solating the
pre-storage amplifier 304 from the oflset-cancellation circuit
300 1n the second state removes the influence of A, from the
input referred noise, which 1s why 1t not seen in Equation 3.
Thus, the imput referred oflset can be reduced with A,
without sacrificing improvements 1n the input referred noise.

This may also be advantageous in the context of a SAR
ADC. As described elsewhere, a SAR ADC may operate in
a sample mode to sample the value of the analog input and
a conversion mode where a series of successive comparisons
are made to convert an analog 1put value into a digital
value. In some embodiments, the offset-cancellation circuit
300 can be utilized 1n a comparator for a SAR ADC. The
oflset-cancellation circuit 300 can be configured to operate
in the first state during some, or all, of the sample mode to
lower the eflective mput offset voltage generated by the
comparator. Then, during the conversion phase, when noise
cancellation may be more of an 1ssue, the offset-cancellation
circuit 300 can be switched to the second state to 1solate the
pre-storage amplifier 304 and remove the impact of A, on
input referred noise.

FIG. 8 illustrates a configuration of control signals that
may operate an embodiment of the oflset-cancellation circuit
300 as part of a comparator of a SAR ADC. An 1put
sampling phase signal shown 1n FIG. 8 may toggle a SAR
ADC 1n and out of the input sampling phase. As depicted in
FIG. 8, a high input sampling phase signal may set the phase
of the SAR ADC to the mput sampling phase. This may be
accomplished 1n many ways known 1n the art.

In one embodiment, the mput sampling phase signal may
be coupled with a switch or configuration of switches that
couple an S/H circuit 102 with a voltage input to sample and
store the mput i the S/H circuit 102. In some embodiments,
switch 110 from FIG. 1 may receive the mput sampling
phase signal to couple to S/H circuit 102 with the voltage
input to the SAR ADC when the mput sampling phase 1s
high.

In some embodiments, the Common Mode Sampling
Phase signal from FIG. 8 may be coupled to first switch 314
and the second switch 316. When the Common Mode
Sampling Phase 1s high, the first switch 314 and the second
switch 316 may closed and couple the first input of the first
amplifier 302A and the second mput of the first amplifier
302B to the common mode.

The Offset Cancellation Phase signal from FIG. 8 may be
coupled to the first pre-storage switch 318, the second
pre-storage switch 320, the third pre-storage switch 322, and
the fourth pre-storage switch 324. Each may be closed when
the Offset Cancellation Phase signal 1s high and opened
when the Offset Cancellation Phase signal 1s low thereby
isolating the pre-storage amplifier 304 from the oflset-
cancellation circuit 300 and limiting the mput referred noise
during conversion phases of the SAR ADC.

The timing configuration depicted 1n FIG. 8 also includes
a delay, t,, between the signal decoupling of the first input
of the first amplifier 302A and the second input of the first
amplifier 302B from the common mode and the signal
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isolating the pre-storage amplifier 304 from the oflset-
cancellation circuit 300. This delay helps 1n storing the
charge generated from the charge injection mismatch from
the two common mode sampling switches.

The timing configuration depicted 1n FIG. 8 also includes
a delay, t,, between the end of the Common Mode Sampling
Phase and the end of the Input Sampling Phase. This delay
1s for bottom plate sampling. In various embodiments, for
bottom plate sampling, first switch 314 and second switch
316 may be turned ofl before an mput sampling switch 1s
coupled to the input sampling phase signal. When the first
switch 314 and second switch 316 turn off the capacitors of
the capacitor network 501 become tloating. So, the charge
injected by the mput sampling switch coupled to the input
sampling phase signal, which 1s a function of iput voltage,
cannot 1mpact the voltage of the sampling capacitance.

In some embodiments, the comparator 104 of FIG. 4 may
further comprise a first reset switch 325 and a second reset
switch 326. The first reset switch 325 may receive the
Rst_ampl signal shown in FIG. 8. The second reset switch
326 may receive the Rst_amp2 signal shown in FIG. 8. The
first reset switch 325 may be closed when the Rst_ampl
signal 1s high, and the second reset switch 326 may be closed
when Rst_amp?2 signal 1s high. The first reset switch 325 and
the second reset switch 326 may place the comparator 104
in a reset state. In some embodiments, at the onset of each
conversion phase, the comparator 104 remains 1n reset state.
In this reset state, the capacitor network 501 settles to a value
according to the control signals. After the capacitance net-
work settles to the final value, the comparator 104 comes out
of the reset phase. This ensures that the comparator 104 gets
the correct mput value for amplification. Otherwise, 1t will
start from the wrong direction and can make a wrong
decision. The reset phase timing, including delay t_ depends
on the settling of the capacitance network 501.

The Latch_enable signal of FIG. 8 may be coupled with
the latch 204 to enable the latch 204 when the Latch enable
signal 1s high. Time delay, t ,, corresponds to the time period
between the opening of the second reset switch 326 and the
enabling of the latch 204. Time delay, t , sets the period
available for the second amplifier 303 to amplify the signal
received at first input of the second amplifier 303 A and the
second 1nput of the first amplifier 3035.

The control signals corresponding to the 2nd Conversion
Phase and the 1st Conversion are provided to a SAR Logic
circuit and not depicted 1n a Figure.

FIG. 9 illustrates an embodiment of an ofiset-cancellation
circuit 300. FIG. 9 illustrates a transistor-level schematic of
an embodiment the oflset-cancellation circuit 300. In some
embodiments, the first amplifier 302 comprises a first tran-
sistor of the first amplifier 902A and a second transistor of
the first amplifier 902B.

In some embodiments, the first transistor of the first
amplifier 902A comprises a PMOS ftransistor. In some
embodiments, the second transistor of the first amplifier
902B comprises a PMOS transistor. The source of the first
transistor of the first amplifier 902A may be coupled with a
first current source 904A, and the source of the second
transistor of the first amplifier 902B may be coupled with the
first current source 904A.

In some embodiments, the gate of the first transistor of the
first amplifier 902A may be coupled with the first input of
the oflset-cancellation circuit 301A and the gate of the
second transistor of the first amplifier 902B may be coupled
with the second 1nput of the oflset-cancellation circuit 301B.
The current at the drain of the first transistor of the first
amplifier 902A may be a function of the voltage at the first
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input of the offset-cancellation circuit 301 A. The current at
the drain of the second transistor of the first amplifier 902B
may be a function of the voltage at the second 1nput of the
oflset-cancellation circuit 301B.

In some embodiments, the pre-storage amplifier 304
comprises a lirst transistor of the pre-storage amplifier 906 A
and a second transistor of the pre-storage amplifier 906B. In
some embodiments, the first transistor of the pre-storage
amplifier 906A comprises a PMOS transistor. In some
embodiments, the second transistor of the pre-storage ampli-
fier 9068 comprises a PMOS ftransistor. The source of the
first transistor of the pre-storage amplifier 906 A may be
coupled with a second current source 904B, and the source
of the second transistor of the pre-storage amplifier 9068
may be coupled with a third current source 904C.

In some embodiments, a current path 908 between the
source ol the first transistor of the pre-storage amplifier
906A and the source of the second transistor of the pre-
storage amplifier 906B includes a first resistor 910 and a
second resistor 912. In some embodiments a third resistor
914 15 disposed between the drain of the first transistor of the
pre-storage amplifier 906A and a ground. A fourth resistor
916 may be disposed between the drain of the second
transistor of the pre-storage amplifier 906B and a ground. In
some embodiments, the oflset cancellation circuit 300 may
turther comprise resistor 920 between the first output of the
first amplifier 302C and a ground. In some embodiments, the
oflset cancellation circuit 300 may further comprise resistor
922 between the second output of the first amplifier 302D
and a ground.

In some embodiments, the first pre-storage amplifier input
304A may be coupled with the gate of the first transistor of
the pre-storage amplifier 906 A and the second pre-storage
amplifier input 3048 may be coupled with the gate of the
second transistor of the pre-storage amplifier 906B. In this
way, the voltage at the first pre-storage amplifier input 304A
may be applied to the gate of the first transistor of the
pre-storage amplifier 906 A. And, the voltage at the second
pre-storage amplifier input 304B may be applied to the gate
of the second transistor of the pre-storage amplifier 906B.

In some embodiments the first resistor 910 and the second
resistor 912 have the same resistance, R_. The third resistor
914 and the fourth resistor 916 may have the same resis-
tance, R, In some embodiments, the voltage gain A, of the
pre-storage amplifier 304 may be described by Equation 4:

A1=-R/R, (Equation 4)

As described elsewhere, a first pre-storage switch 318, a
second pre-storage switch 320, a third pre-storage switch
322, and a fourth pre-storage switch 324 may be toggled
between open and closed states to 1solate the pre-storage
amplifier 304 from the offset-cancellation circuit 300 in the
second state.

In some embodiments, the post-storage amplifier 306
comprises a first transistor of the post-storage amplifier
918A and a second transistor of the post-storage amplifier
918B. In some embodiments, the first transistor of the
post-storage amplifier 918A comprises a PMOS {transistor.
In some embodiments, the second transistor of the post-
storage amplifier 918B comprises a PMOS transistor. The
source of the first transistor of the post-storage amplifier 918
A may be coupled with a fourth current source 904D, and the
source of the second transistor of the post-storage amplifier
918B may be coupled with the fourth current source 904D.

In some embodiments, the first post-storage amplifier
input 306A may be coupled with the gate of the first
transistor of the post-storage amplifier 918 A and the second
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post-storage amplifier input 3068 may be coupled with and
the gate of the second transistor of the post-storage amplifier
918B. In thus way, the voltage at the first post-storage
amplifier input 306 A may be applied to the gate of the first
transistor of the post-storage amplifier 918A. And, the
voltage at the second post-storage amplifier input 3068 may
be applied to the gate of the second transistor of the
post-storage amplifier 918B.

In some embodiments, the pre-storage amplifier 304 1s
configured to cancel an offset introduced by the pre-storage
amplifier. In some embodiments, the pre-storage amplifier
304 may be coupled to a common mode when the offset-
cancellation circuit 1s in the second state and the pre-storage
amplifier 304 1s 1solated from the oflset-cancellation circuit
300. This may occur 1n some embodiments during a con-
version phase of a SAR ADC.

FIG. 10 1llustrates an embodiment of a pre-storage ampli-
fier 304 configured for oflset cancellation. The pre-storage
amplifier 304 may be configured to be coupled to a common
mode when 1solated from the oflset-cancellation circuit 300.
A first pre-storage amplifier offset capacitor 350 may store
an oflset-cancellation potential and a second pre-storage
amplifier oflset capacitor 352 may store an oflset-cancella-
tion potential.

In some embodiments, in the second state the pre-storage
amplifier 304 may be coupled to a common mode by a
seventh pre-storage amplifier switch 358 coupling the first
pre-storage amplifier input 304 A to the second pre-storage
amplifier mput 304B. In some embodiments, one switch
may be utilized to couple the first pre-storage amplifier input
304A to the common mode and a second switch may be
utilized to couple the second pre-storage amplifier input
3048 to a common mode.

In some embodiments, in the second state, the first
pre-storage amplifier mput 304A may be coupled with the
first pre-storage amplifier output 304C by a fifth pre-storage
amplifier switch 354. The second pre-storage amplifier input
304B may be coupled with the second pre-storage amplifier
output 304D by a sixth pre-storage amplifier switch 356.
This may allow the first pre-storage amplifier oflset capaci-
tor 350 to store an oflset-cancellation potential and a second
pre-storage amplifier oflset capacitor 352 to store an oflset-
cancellation potential. The difference between the potentials
stored on the first pre-storage amplifier oflset capacitor 350
and the second pre-storage amplifier oflset capacitor 352
being proportional to the input-offset of the pre-storage
amplifier 304. The potentials on the first pre-storage ampli-
fier oflset capacitor 350 and the second pre-storage amplifier
oflset capacitor 352 may be applied to the pre-storage
amplifier 304 when the oflset-cancellation circuit 1s in the
first state to cancel the offset of the pre-storage amplifier
304.

In some embodiments, the {fifth pre-storage amplifier
switch 354, the sixth pre-storage amplifier switch 356, and
the seventh pre-storage amplifier switch 358 receive a
control signal or control signals that toggle the switches
between open and closed states.

FIG. 11 illustrates a block diagram of an embodiment of
a method 1100 to cancel an off:

set voltage of an amplifier
comprising at a step 1102, generating the oflset voltage
between a first output of the amplifier and a second output
of the amplifier by coupling a first input of the amplifier and
a second 1nput of the amplifier to a common mode. In some
embodiments, the method 1100 further comprises at a step
1104, receiving the oflset voltage at a first input of a first
amplification stage and a second mput of the first amplifi-
cation stage. At a step 1106, the method 1100 may comprise
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storing a potential difference determined by a first gain of the
first amplification stage and the oflset voltage 1n a storage

clement configured to be coupled and decoupled with a first
output of the first amplification stage and a second output of
the first amplification stage. In some embodiments, the
method 1100 may comprise at a step 1108, decoupling the
storage element from first amplification stage and providing
the potential difference between a first imnput of a second
amplification stage and a second input of the second ampli-
fication, the second amplification stage having a second
gain. At a step 1110, the method 1100 may comprise
providing an oflset-cancellation current to the first output of
the amplifier and the second output of the amplifier from a
first output of the second amplification stage and a second
output of the second amplification stage, the oflset-cancel-
lation current determined by the second gain and the poten-
tial difference and wherein the oflset-cancellation current
comprises a first current at the first output of the second
amplification stage and a second current at the second output
of the second amplification stage.

In some embodiments, the second amplification stage
may comprise an operational transconductance amplifier
and the second gain may comprise the transconductance of
the operational transconductance amplifier.

In some embodiments of the method 1100, the storage
clement comprises a first capacitor and a second capacitor
and wherein the storage element 1s configured to be coupled
and decoupled with the first output of the first amplification
stage by a first switch disposed between the first capacitor
and the first output of the first amplification stage and the
storage element 1s configured to be coupled and decoupled
with the second output of the first amplification stage by a
second switch disposed between the second capacitor and
the second output of the first amplification stage.

In some embodiments of the method 1100, storing the
potential difference at step 1106 further comprises storing a
first potential on the first capacitor and storing second
potential on the second capacitor the difference between the
first potential and the second potential being equal to the
potential difference.

In some embodiments of the method 1100, the first input
of the first amplification stage 1s configured to be coupled
and decoupled with the first output of the amplifier and the
second 1put of the first amplification stage 1s configured to
be coupled and decoupled with the second output of the
amplifier.

In some embodiments, the method 1100 further comprises
decoupling the first input of the first amplification stage from
the first output of the amplifier and decoupling the second
input of the first amplification stage from the second output
of the amplifier.

In some embodiments of the method 1100, the first output
of the amplifier 1s coupled to a first input of a second
amplifier and the second output of the amplifier 1s coupled
to a second input of the second amplifier; and a first output
of the second amplifier 1s coupled to a first input of a latch
and a second output of the second amplifier 1s coupled to a
second 1nput of the latch.

Example 1

An oflset-cancellation circuit including: a first amplifica-
tion stage including a gain of the first amplification stage and
configured to receive an oflset voltage of a first amplifier; a
storage element configured to be coupled to and decoupled
from the first amplification stage and configured to store a
potential diflerence output by the first amplification stage,
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the potential difference being determined by the oiflset
voltage of the first amplifier and the gain of the first
amplification stage; and a second amplification stage
coupled to the storage element and configured to receive the
potential difference from the storage element when the
storage element 1s decoupled from the first amplification
stage and configured to deliver an oflset-cancellation cur-
rent, the offset-cancellation current being determined by the
potential difference and a gain of the second amplification
stage.

Example 2

The offset-cancellation circuit of example 1, where the
oflset voltage includes a diflerence between a first output of
the first amplifier and a second output of the first amplifier
when a first input of the first amplifier and a second mnput of
the first amplifier are coupled to a common mode.

Example 3

The oflset-cancellation circuit of examples 1 or 2, where
the first input of the first amplifier 1s coupled to the common
mode by a common mode switch.

Example 4

The offset-cancellation circuit of examples 1 to 3, further
including a second amplifier and where a first input of the
second amplifier 1s coupled to the first output of the first
amplifier and a second input of the second amplifier is
coupled to the second output of the first amplifier.

Example 5

The offset-cancellation circuit of examples 1 to 4, further
including a latch coupled to a first output of the second
amplifier and coupled to a second output of the second
amplifier.

Example 6

The offset-cancellation circuit of examples 1 to 5, where
a first input of the first amplification stage 1s coupled to the
first output of the first amplifier and a second input of the
first amplification stage coupled to the second output of the
first amplifier to receive the oflset voltage.

Example 7

The oflset-cancellation circuit of examples 1 to 6, where
the first input of the first amplification stage 1s configured to
be decoupled from the first output of the first amplifier and
the second input of the first amplification stage 1s configured
to be decoupled from the second output of the first amplifier
when the storage element 1s decoupled from the first ampli-
fication stage.

Example 8

The oflset-cancellation circuit of examples 1 to 7, where
a first output of the second amplification stage 1s coupled
with the first output of the first amplifier and a second output
of the second amplification stage 1s coupled with the second
output of the first amplifier to deliver the offset-cancellation
current and where the offset-cancellation circuit includes a




US 11,444,580 B2

17

first current at the first output of the second amplification
stage and a second current at the second output of the second

amplification stage.

Example 9

The oflset-cancellation circuit of examples 1 to 8,where:
the storage element includes a first capacitor and a second
capacitor; and the second amplification stage includes: a first
transistor including a gate, a drain, and a source, the gate of
the first transistor being coupled to a first plate of the first
capacitor, the drain of the first transistor being coupled to the
first output of the second amplification stage, and the source
of the first transistor being coupled to a current supply; and
a second transistor including a gate, a drain, and a source, the
gate of the second transistor being coupled to a first plate of
the second capacitor, the drain of the second transistor being
coupled to the second output of the second amplification
stage, and the source of the second transistor being coupled
to the current supply.

Example 10

The oflset-cancellation circuit of examples 1 to 9, where
the storage element 1s configured to be coupled to and
decoupled from the first amplification stage by a first switch
and a second switch, the first switch being disposed between
a first output of the first amplification stage and the first plate
of the first capacitor and the second switch being disposed
between a second output of the first amplification stage and
the first plate of the second capacitor.

Example 11

The oflset-cancellation circuit of examples 1 to 10, where
the first switch 1s configured to receive a first control signal
to toggle the first switch between open and closed states and
the second switch 1s configured to receive a second control
signal to toggle the second switch between open and closed
states.

Example 12

An oflset-cancellation circuit including: an input ampli-
fier including a first input, a second put, a first output, and
a second output; a pre-storage amplifier including a first
input and a second 1nput; a post-storage amplifier including
a first input coupled with a first plate of a first storage
capacitor and including a second input coupled with a first
plate of a second storage capacitor; where 1n a first state of
the oflset-cancellation circuit: the first mput of the input
amplifier and the second input of the mput amplifier are
coupled to a common mode to produce a voltage offset
between the first output of the mnput amplifier and the second
output of the input amplifier; the first input of the pre-storage
amplifier 1s coupled to the first output of the input amplifier
and the second mput of the pre-storage amplifier 1s coupled
to the second output of the input amplifier; the first plate of
the first storage capacitor 1s coupled with a first output of the
pre-storage amplifier and the first plate of the second storage
capacitor 1s coupled with a second output of the pre-storage
amplifier; and where a first potential 1s stored on the first
storage capacitor and a second potential 1s stored on the
second storage capacitor, a difference between the first
potential and the second potential being proportional to the
voltage oflset; and where 1n a second state of the oflset-

cancellation circuit: the first plate of the first storage capaci-
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tor 1s decoupled from the first output of the pre-storage
amplifier; the first plate of the second storage capacitor 1s
decoupled from the second output of the pre-storage ampli-
fier; and a first output of the post-storage amplifier 1s coupled
with the first output of the mput amplifier and a second
output of the post-storage amplifier 1s coupled with the
second output of the input amplifier to provide a first
oflset-cancellation current to the first output of the input
amplifier and a second oflset-cancellation current to the
second output of the mput amplifier, the first oflset-cancel-
lation current and the second ofiset-cancellation current
determined by the first potential and by the second potential.

Example 13

The offset-cancellation circuit of example 12, further
including: a first switch coupling the first plate of the first
storage capacitor and the first output of the pre-storage
amplifier 1n the first state and decoupling the first plate of the
first storage capacitor and the first output of the pre-storage
amplifier in the second state; and a second switch coupling
the first plate of the second storage capacitor and the second
output of the pre-storage amplifier 1n the first state and
decoupling the first plate of the second storage capacitor and
the second output of the pre-storage amplifier 1n the second
state.

Example 14

The oflset-cancellation circuit of examples 12 or 13,
turther including: a third switch coupling the first imnput of
the pre-storage amplifier with the first output of the input
amplifier 1n the first state and decoupling the first input of the
pre-storage amplifier from the first output of the input
amplifier 1n the second state; and a fourth switch coupling
the second 1nput of the pre-storage amplifier with the second
output of the mnput amplifier 1n the first state and decoupling
the second 1nput of the pre-storage amplifier from the second
output of the mput amplifier in the second state.

Example 15

The ofiset-cancellation circuit of examples 12 to 14,
further including a common mode switch operable to couple
the first input of the mput amplifier to the common mode.

Example 16

The ofiset-cancellation circuit of examples 12 to 13,
where the common mode switch 1s operable to couple the
second 1nput of the input amplifier to the common mode.

Example 17

The offset-cancellation circuit of examples 12 to 16,
turther including a controller coupled with the first switch,
the second switch, the third switch, the fourth switch, and
the common mode switch where the controller 1s configured
to toggle the first switch, the second switch, the third switch,
the fourth switch, and the common mode switch between
open and closed states.

Example 18

The oflset-cancellation circuit of examples 12 to 17,
where the mput amplifier includes an operational transcon-
ductance amplifier, the pre-storage amplifier includes an
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operational amplifier, and the post-storage amplifier
includes an operational transconductance amplifier.

Example 19

The oflset-cancellation circuit of examples 12 to 18,
turther including an output amplifier where a first input of
the output amplifier 1s coupled with the first output of the
input amplifier and a second put of the output amplifier 1s
coupled with the second output of the input amplifier.

Example 20

The oflset-cancellation circuit of examples 12 to 19,
where the output amplifier includes an operational amplifier.

Example 21

The oflset-cancellation circuit of examples 12 to 20,
turther including a latch configured to compare a first
voltage at a first output of the output amplifier with a second
voltage at a second output of the output amplifier.

Example 22

A method to cancel an offset voltage of an amplifier
including: generating the oflset voltage between a first
output of the amplifier and a second output of the amplifier
by coupling a first input of the amplifier and a second input
of the amplifier to a common mode; receiving the offset
voltage at a first mput of a first amplification stage and a
second input of the first amplification stage; storing a
potential difference determined by a first gain of the first
amplification stage and the oflset voltage in a storage
clement configured to be coupled and decoupled with a first
output of the first amplification stage and a second output of
the first amplification stage; decoupling the storage element
from first amplification stage and providing the potential
difference between a first mput of a second amplification
stage and a second input of the second amplification stage,
the second amplification stage including a second gain; and
providing an oflset-cancellation current to the first output of
the amplifier and the second output of the amplifier from a
first output of the second amplification stage and a second
output of the second amplification stage, the oflset-cancel-
lation current determined by the second gain and the poten-
tial difference and where the oflset-cancellation current
includes a first current at the first output of the second
amplification stage and a second current at the second output
of the second amplification stage.

Example 23

The method to cancel an oflset voltage of an amplifier of
example 22, where the first output of the amplifier 1s coupled
to a first input of a second amplifier and the second output
of the amplifier 1s coupled to a second mput of the second
amplifier; and a first output of the second amplifier is
coupled to a first input of a latch and a second output of the
second amplifier 1s coupled to a second input of the latch.

Example 24

The method to cancel an oflset voltage of an amplifier of
examples 22 or 23, where the storage element includes a first
capacitor and a second capacitor and where the storage
clement 1s configured to be coupled and decoupled with the
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first output of the first amplification stage by a first switch
disposed between the first capacitor and the first output of

the first amplification stage and the storage clement 1s
configured to be coupled and decoupled with the second
output of the first amplification stage by a second switch
disposed between the second capacitor and the second
output of the first amplification stage.

Example 25

The method to cancel an offset voltage of an amplifier of
examples 22 to 24, where storing the potential diflerence
includes storing a first potential on the first capacitor and
storing a second potential on the second capacitor a ditler-
ence between the first potential and the second potential
being equal to the potential difference.

Example 26

The method to cancel an offset voltage of an amplifier of
examples 22 to 25, where the first input of the first ampli-
fication stage 1s configured to be coupled and decoupled
with the first output of the amplifier and the second 1nput of
the first amplification stage 1s configured to be coupled and
decoupled with the second output of the amplifier.

Example 26

The method to cancel an offset voltage of an amplifier of
examples 22 to 235, further including decoupling the first
input of the first amplification stage from the first output of
the amplifier and decoupling the second mput of the first
amplification stage from the second output of the amplifier.

This 1mmvention has been described with reference to
illustrative embodiments; this description 1s not intended to
be construed 1n a limiting sense. Various modifications and
combinations of the illustrative embodiments, as well as
other embodiments of the invention, will be apparent to
persons skilled in the art upon reference to the description.
It 1s therefore intended that the appended claims encompass
any such modifications or embodiments.

What 1s claimed 1s:

1. An offset-cancellation circuit comprising:

a first amplification stage comprising a gain of the first
amplification stage and configured to receive an offset
voltage of a first amplifier and configured to be coupled
and decoupled from the first amplifier, the oflset volt-
age comprising a diflerence between a first output of
the first amplifier and a second output of the first
amplifier when a first mnput of the first amplifier and a
second mput of the first amplifier are coupled to a
common mode;

a storage eclement configured to be coupled to and
decoupled from the first amplification stage and con-
figured to store a potential diflerence output by the first
amplification stage, the potential difference being
determined by the oflset voltage of the first amplifier
and the gain of the first amplification stage; and

a second amplification stage coupled to the storage ele-
ment and configured to receive the potential difference
from the storage element when the storage element 1s
decoupled from the first amplification stage and con-
figured to deliver an oflset-cancellation current, the

offset-cancellation current being determined by the

potential difference and a gain of the second amplifi-
cation stage.
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2. The offset-cancellation circuit of claim 1, wherein the
first input of the first amplifier 1s coupled to the common
mode by a common mode switch.

3. The oflset-cancellation circuit of claim 1, further com-
prising a second amplifier; and wherein a first input of the
second amplifier 1s coupled to the first output of the first
amplifier and a second mput of the second amplifier is
coupled to the second output of the first amplifier.

4. The oflset-cancellation circuit of claim 3, further com-
prising a latch coupled to a first output of the second
amplifier and coupled to a second output of the second
amplifier.

5. The offset-cancellation circuit of claim 1, wherein a
first mput of the first amplification stage 1s coupled to the
first output of the first amplifier and a second input of the
first amplification stage coupled to the second output of the
first amplifier to receive the oflset voltage.

6. The offset-cancellation circuit of claim 5, wherein the
first input of the first amplification stage 1s configured to be
decoupled from the first output of the first amplifier and the
second 1put of the first amplification stage 1s configured to
be decoupled from the second output of the first amplifier
when the storage element 1s decoupled from the first ampli-
fication stage.

7. The offset-cancellation circuit of claim 1, wherein a
first output of the second amplification stage 1s coupled with
the first output of the first amplifier and a second output of
the second amplification stage 1s coupled with the second
output of the first amplifier to deliver the offset-cancellation
current and wherein the offset-cancellation circuit comprises
a first current at the first output of the second amplification
stage and a second current at the second output of the second
amplification stage.

8. The oflset-cancellation circuit of claim 7 wherein:

the storage element comprises a {first capacitor and a

second capacitor; and

the second amplification stage comprises:

a first transistor comprising a gate, a drain, and a
source, the gate of the first transistor being coupled
to a first plate of the first capacitor, the drain of the
first transistor being coupled to the first output of the
second amplification stage, and the source of the first
transistor being coupled to a current supply; and

a second transistor comprising a gate, a drain, and a
source, the gate of the second ftransistor being
coupled to a first plate of the second capacitor, the
drain of the second transistor being coupled to the
second output of the second amplification stage, and

the source of the second transistor being coupled to
the current supply.

9. The offset-cancellation circuit of claim 8, wherein the
storage element 1s configured to be coupled to and
decoupled from the first amplification stage by a first switch
and a second switch, the first switch being disposed between
a first output of the first amplification stage and the first plate
of the first capacitor and the second switch being disposed
between a second output of the first amplification stage and
the first plate of the second capacitor.

10. The offset-cancellation circuit of claim 9, wherein the
first switch 1s configured to receive a first control signal to
toggle the first switch between open and closed states and
the second switch 1s configured to receive a second control
signal to toggle the second switch between open and closed
states.

11. An oflset-cancellation circuit comprising:

an 1input amplifier comprising a first input, a second input,

a first output, and a second output;
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a pre-storage amplifier comprising a first mput and a
second 1nput;
a post-storage amplifier comprising a first input coupled
with a first plate of a first storage capacitor and com-
prising a second mput coupled with a first plate of a
second storage capacitor;
wherein 1n a first state of the offset-cancellation circuit:
the first mput of the mput amplifier and the second
input of the input amplifier are coupled to a common
mode to produce a voltage oflset between the first
output of the input amplifier and the second output of
the mput amplifier;

the first input of the pre-storage amplifier 1s coupled to
the first output of the mnput amplifier and the second
input of the pre-storage amplifier 1s coupled to the
second output of the input amplifier;

the first plate of the first storage capacitor 1s coupled
with a first output of the pre-storage amplifier and the
first plate of the second storage capacitor 1s coupled
with a second output of the pre-storage amplifier;
and

wherein a first potential 1s stored on the first storage
capacitor and a second potential 1s stored on the
second storage capacitor, a diflerence between the
first potential and the second potential being propor-
tional to the voltage offset; and
wherein 1n a second state of the oflset-cancellation circuit:
the first input of the pre-storage amplifier 1s de-coupled
to the first output of the input amplifier and the
second mput ol the pre-storage amplifier 1s de-
coupled to the second output of the mput amplifier;

the first plate of the first storage capacitor 1s decoupled
from the first output of the pre-storage amplifier;

the first plate of the second storage capacitor 1s
decoupled from the second output of the pre-storage
amplifier; and

a first output of the post-storage amplifier 1s coupled
with the first output of the mput amplifier and a
second output of the post-storage amplifier 1s
coupled with the second output of the imnput amplifier
to provide a first oflset-cancellation current to the
first output of the mput amplifier and a second
oflset-cancellation current to the second output of the
input amplifier, the first ofiset-cancellation current
and the second oflset-cancellation current deter-
mined by the first potential and by the second
potential.

12. The offset-cancellation circuit of claim 11, further

comprising;

a first switch coupling the first plate of the first storage
capacitor and the first output of the pre-storage ampli-
fier 1n the first state and decoupling the first plate of the
first storage capacitor and the first output of the pre-
storage amplifier 1n the second state; and

a second switch coupling the first plate of the second
storage capacitor and the second output of the pre-
storage amplifier 1n the first state and decoupling the
first plate of the second storage capacitor and the
second output of the pre-storage amplifier in the second
state.

13. The offset-cancellation circuit of claim 12, further

comprising;

a third switch coupling the first input of the pre-storage
amplifier with the first output of the mput amplifier n
the first state and decoupling the first mput of the
pre-storage amplifier from the first output of the input
amplifier in the second state; and

e
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a fourth switch coupling the second mput of the pre-
storage amplifier with the second output of the input
amplifier in the first state and decoupling the second
imput of the pre-storage amplifier from the second
output of the mput amplifier in the second state.

14. The offset-cancellation circuit of claim 13, further
comprising a common mode switch operable to couple the
first input of the mput amplifier to the common mode.

15. The offset-cancellation circuit of claim 14, wherein
the common mode switch 1s operable to couple the second
input of the mput amplifier to the common mode.

16. The offset-cancellation circuit of claim 14, further
comprising a controller coupled with the first switch, the
second switch, the third switch, the fourth switch, and the
common mode switch wherein the controller 1s configured to
toggle the first switch, the second switch, the third switch,
the fourth switch, and the common mode switch between
open and closed states.

17. The offset-cancellation circuit of claam 11, wherein
the mput amplifier comprises an operational transconduc-
tance amplifier, the pre-storage amplifier comprises an
operational amplifier, and the post-storage amplifier com-
prises an operational transconductance amplifier.

18. The offset-cancellation circuit of claim 11, further
comprising an output amplifier wherein a first mnput of the
output amplifier 1s coupled with the first output of the input
amplifier and a second input of the output amplifier is
coupled with the second output of the input amplifier.

19. The oflset-cancellation circuit of claim 18, wherein
the output amplifier comprises an operational amplifier.

20. The offset-cancellation circuit of claim 19, further
comprising a latch configured to compare a first voltage at
a first output of the output amplifier with a second voltage
at a second output of the output amplifier.

21. A method to cancel an offset voltage of an amplifier
comprising;

generating the offset voltage between a first output of the
amplifier and a second output of the amplifier by
coupling a first input of the amplifier and a second 1nput
of the amplifier to a common mode;

receiving the ofiset voltage at a first mput of a first
amplification stage and a second input of the first
amplification stage;

storing a potential di
the first amplification stage and the oflset voltage 1n a
storage element configured to be coupled and
decoupled with a first output of the first amplification
stage and a second output of the first amplification
stage:

Terence determined by a first gain of
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decoupling the first mput of the first amplification stage
from the first output of the amplifier and decoupling the
second input of the first amplification stage from the
second output of the amplifier;

decoupling the storage element from first amplification

stage and providing the potential diflerence between a

first input of a second amplification stage and a second

mnput of the second amplification stage, the second
amplification stage comprising a second gain; and
providing an oflset-cancellation current to the first output
of the amplifier and the second output of the amplifier
from a first output of the second amplification stage and

a second output of the second amplification stage, the
offset-cancellation current determined by the second

gain and the potential difference and wherein the ofiset-
cancellation current comprises a first current at the first
output of the second amplification stage and a second
current at the second output of the second amplification
stage.

22. The method of claim 21, wherein the first output of the
amplifier 1s coupled to a first input of a second amplifier and
the second output of the amplifier 1s coupled to a second
input of the second amplifier; and a first output of the second
amplifier 1s coupled to a first input of a latch and a second
output of the second amplifier 1s coupled to a second 1nput
of the latch.

23. The method of claim 22, wherein the storage element
comprises a first capacitor and a second capacitor and
wherein the storage element 1s configured to be coupled and
decoupled with the first output of the first amplification stage
by a first switch disposed between the first capacitor and the
first output of the first amplification stage and the storage
clement 1s configured to be coupled and decoupled with the
second output of the first amplification stage by a second
switch disposed between the second capacitor and the sec-
ond output of the first amplification stage.

24. The method of claim 23, wherein storing the potential
difference comprises storing a first potential on the first
capacitor and storing a second potential on the second
capacitor a difference between the first potential and the
second potential being equal to the potential difference.

25. The method of claim 24, wherein the first input of the
first amplification stage 1s configured to be coupled and
decoupled with the first output of the amplifier and the
second 1nput of the first amplification stage 1s configured to
be coupled and decoupled with the second output of the
amplifier.
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